ABSTRACT
INTRODUCTION
In the last century, with the advancement of the diagnostic procedures, hematologic disorders in pediatric age group have been increased dramatically. In parallel with this increase, splenectomy procedures have also been popularized with different techniques and surgical outcomes. [1] [2] [3] [4] [5] [6] Laparoscopic splenectomy (LS) in the pediatric age group is generally accepted as a technically demanding procedure, which needs experience. [7] [8] [9] [10] [11] Although widely used, the studies analyzing the outcomes for LS surgeries are very inconclusive in the literature. 12 The purpose of this study is to present the long-term followup results of a case series of children who underwent LS for a variety of hematologic disorders, evaluate possible complications and outcomes.
POPULATION AND METHODS

Study population
All patients who were admitted to the clinic and who were scheduled for LS from 2005 to 2016 were considered for this study. After protocol review, the data collection was granted by the chairman of the pediatric surgery d e p a r t m e n t a n d a l l g u i d e l i n e s for confidentiality were followed throughout the retrospective data collection procedure.
As an inclusion criterion, only LS (primary LS combined with or without cholecystectomy) were included in the study group. Exclusion criteria for the study were: patients who had multiple surgeries, patients who During enrollment, a total of 57 cases were enrolled for the study. Hematologic diagnosis of children including the splenomegaly were established in the pediatric hematology department. After the establishment of the diagnosis of splenomegaly, all patients underwent ultrasonographic examination in order to rule out the cases that had accessory spleens and determine the size of the spleen. If ultrasound examination was inconclusive, then selective spleen scintigraphy was applied for the definitive diagnosis. Preoperatively, all patients received a pneumococcal polyvalent vaccine at least two weeks before the surgery. Patients were transfused preoperatively if their Hb levels were <10 g/dL. Eight open splenectomy cases, were excluded from the final analysis. As a result, 49 cases were found to be eligible. All operations were performed by two surgeons experienced for the laparoscopic procedures. Brief description of the operative technique is previously described in the literature. 
Study parameters
All patients' data collection was retrospectively performed by two investigators blinded to the clinical outcomes. All patients' medical charts were reviewed according to the study protocol and all study parameters were recorded in computer software for further analysis.
The study parameters for the cases were grouped mainly in four categories including socio-demographic information (age, sex, body weight), indication for LS, preoperative evaluation (including the laboratory results and radiographic outcomes), clinical follow-up and any complications. For preoperative evaluation, all diagnostic procedures and medications were determined including any radiographically work-ups. Laboratory results before and after surgery including infection parameters (white blood cell count, c-reactive protein, erythrocyte sedimentation rate), complete blood cell count (haemoglobin, haematocrit, white blood cell and platelet count), abdominal ultrasonography and if any selective spleen scintigraphy results were checked from the medical records. After surgery, the clinical follow-up visits were evaluated and duration of hospital stays, duration of surgeries and re-surgeries if any needed were recorded. The intraoperative and postoperative complications including any recurrence, infection, wound drainage, abscess or any mortality were also noted for further analysis.
Long-term follow-up and statistical analysis
Patients were called for control one month after surgery and after the first month, the followup was scheduled at 6 months and annually, thereafter. The long-term follow-up was carried out by the analysis of the medical charts of these patients who had regular visits to our department. A special medical record was created at the final follow-up for the long-term analysis including the mortality, any re-operations due to any adhesions or bridles, laboratory values including preoperative and postoperatvie blood hemoglobin levels, platelet cell count and bilirubin levels including total and direct bilirubin, accidental intraperitoneal splenic self-implantation or any infection including pneumonia or meningitis. Finally, the need for blood transfusions pre and postoperatively in the follow-up period was also recorded.
Five different statistical analysis were performed for the long-term follow up analysis. Patients' blood hemoglobin levels, platelet cell counts, total and direct bilirubin levels and the need for blood transfusions were compared between preoperative and postoperative controls including the final follow-up visit. For the statistical comparison of all parameters except the need for blood transfusion, Friedman's two-way analysis of variance (ANOVA) test was used. For the statistical analysis of the need for blood transfusion Wilcoxon signed rank test was used. The results of statistical analysis were expressed as number of observations (n), mean ± standard deviation (±), median and minimum-maximum values [M (min-max)]. SPSS Ver.17.0 (SPSS Inc., Chicago IL, USA) and MedCalc 13.1.0.0 (MedCalc Software bvba, Ostend, Belgium) statistical package programs were used for the analysis of data set. p <0.05 was considered statistically significant.
RESULTS
There were 24 male (48.9%) and 25 female (51.1%) patients. The median age and body weight for the study group was 12 years (range: 3-18 years) and 35 kg (range: 12-72 kg), respectively. There were a total of three cases (6.1%) between 10 to 15 kg of body weight in the study group ( Table 1) . Most common indications for LS surgeries were thalassemia (13, 26.5%) and hereditary spherocytosis (12, 24.4%) ( Table 2 ). All cases were undergoing a meticulous hematological consultation before the LS including laboratory studies. There was no increase in any of the infection parameters before surgery for all cases. Additionally, all patients underwent abdominal ultrasonographic examination in order to rule out the accessory spleens. For five cases whose ultrasonographic examination revealed no accessory spleen, selective spleen scintigraphy was performed (n= 5). The mean size of the spleens was 13.9 cm (5,5-23 cm). LS in combination with cholecystectomy were performed in 16 patients (32.6%). The indication for cholecystectomy was cholelithiasis for all patients. As a technical standpoint, two patients (4%) underwent single-port LS. Hand-assisted splenectomy was performed because the size of the spleen in one of the patients was too large to fit into the specimen bag.
The mean time for LS surgeries was 80 minutes (40-300 minutes). The total intraoperative complication rate was 4% (2/49). One patient had prolonged surgery (approximately 300 minutes) due to massive hemorrhage and technical issues related to single port LS. There was no additional complication for this patient in the postoperative follow-up period. The other patient had bronchopulmonary spasm intraoperatively. After proper management in the intensive care unit, this patient was discharged from the hospital with no additional morbidities.
The mean time for hospital stay was five days (4-11 days). There was only one patient who was hospitalized more than one week due to latex allergy leading to intraoperative b r o n c h o p u l m o n a r y s p a s m , w h i c h w a s aforementioned previously. In the early postoperative period, there was only one recurrent abscess formation (total postoperative complication rate 2%) which was treated by drainage and debridement with laparotomy.
Long-term outcomes
Mean follow-up period was 6.4 years (range: 6 months -16 years). There were no re-operations due to any adhesions or bridles. All cases had normal blood cell counts at the final followup which were monitored by the hematology department. There was also no postoperative mortality in the follow-up period. There was no accidental intraperitoneal splenic selfimplantation or any recorded infection including pneumonia or meningitis through the follow-up period.
The mean values and statistical comparison results of the study parameters including the blood hemoglobin levels, platelet cell counts, e388 / Arch Argent Pediatr 2017;115(6):e385-e390 / Original article b i l i r u b i n l e v e l s a n d t h e n e e d f o r b l o o d transfusions before and after surgery were summarized in Table 3 and 4. Although there was no significant difference for the blood hemoglobin levels and platelet cell counts before and after surgery (p= 0.321 and 0.578, respectively), all bilirubin levels (direct and total) were found significantly lower in the long term follow-up period (p <0.05). The need for blood transfusions were also significantly decreased for all patients after surgery (p <0.05) and stayed in that manner through the follow-up period.
DISCUSSION
LS is a powerful tool in the hands of an experienced surgeon. It is a safe and effective procedure in children with hematologic disorders resulting in shorter length of stay, and lower complication rates. With the advent of minimally invasive techniques, laparoscopic splenectomy has become a standard procedure for elective removal of the spleen for most indications. It is commonly accepted in the literature that LS is a technically difficult procedure and is associated with a steep learning curve, with operative times initially longer than those associated with open splenectomy. Nevertheless, technical advancements such as hand-assisted laparoscopic splenectomy have facilitated increased acceptance of laparoscopy as an approach that is superior to open splenectomy, even in patients with severe hematologic diseases associated with massive splenomegaly. [12] [13] [14] In this study, one patient underwent hand assisted splenectomy and this technique can be used instead of open splenectomy when needed.
Currently, three major laparoscopic techniques have been used for the splenectomy surgeries. These include multi-port, single-port and handassisted LS surgeries. The European Association for Endoscopic Surgery(EAES) identifies multiport LS as the gold standard of treatment for surgical diseases involving normal to moderately enlarged spleens.
1 A meta-analysis by Winslow and Brunt 15 found that despite its longer duration, multi-port LS was associated with a shorter postoperative stay in hospital, lower complication rates and fewer pulmonary, wound and infectious complications. Other systematic reviews 16, 17 also show the superiority of LS over conventional open splenectomy. So, it is very commonly accepted in the literature that LS had significantly lower mortality and complication rates. For this reason, in the current study, LS was preferred as the primary treatment choice for the patients with splenomegaly due to hematological disorders. The authors believe that, laparoscopic approach should be thought first in hand for all cases scheduled for splenectomy.
There is still an ongoing debate in the literature about the real indications and possible drawbacks of single-port LS. 18 The major drawbacks about the single-port surgery discussed in the literature are the problems with triangulation, clashing of instruments and lack of space. So, there should be a standardization of the single-port splenectomy technique as well as better patient selection criteria. Single-port umbilical LS has been described in children and has been shown to have excellent cosmetic advantages compared with conventional LS. 19 Nevertheless, there has yet to be large-scale prospective randomized studies directly comparing standard multiport LS with single-port splenectomy, differences between instruments and differences between surgical techniques in terms of patient outcomes. 20 In the current study, single-port splenectomy was applied to two children. These two surgeries took longer than the conventional LS but there were no additional complications with better cosmetic outcomes. We believe that, surgeon experience is the mainstay for the choice of the technique and clear guidelines must be published for the singleport splenectomy surgeries.
In the literature, although there are dozens of studies analyzing the outcomes for LS, there is indeed still a discussion about the gold standard surgical technique for splenectomy in children. In one of the early studies by Esposito et al., 54 children who underwent LS were analyzed and as a conclusion it was stated that the operating time of LS is still too long compared with open surgery, and the extraction phase still not simple enough. 21 The authors also stated that perfect control of hemostasis is fundamental because severe complications can arise from even a slight bleeding episode. With the evolution and refinement of LS techniques, this procedure becomes effective even in patients with massive spleens and previous abdominal surgery. In a study by Park et al., a multi-center research was conducted analyzing the effectiveness of LS. 22 In this study, a total of 203 splenectomy cases were evaluated and in conclusion it was stated that LS is both safe and feasible in patients of all ages and for a wide range of splenic pathologies. Our experience with LS is also consistent with the literature. We believe that laparoscopic exposure should be the first choice for all hematologic cases scheduled for splenectomy with low morbidity and high success rates.
Shorter length of hospital stay and the shorter operative time are two distinguished features of the LS, commonly emphasized in the literature. In a study by Targorona et al., the mean operative time and length of hospital stay for LS was reported as 153 minutes and four days, respectively for a total of 113 cases. 23 In another study by Rescorla et al., the mean hospital stay was reported as 1.4 days and the means operative time was found as 115 minutes. 18 In a recent study by Deng et al., 57 pediatric cases with LS were analyzed and it was reported that the mean length for hospital stay was five days and the mean operative time was 120 minutes. 13 Although in this study for length of hospital stay were consistent with the literature with an average of five days, this is not the case for the length of operative time. Most of the studies and the ones summarized above reported over 100 minutes of average operative time for LS. 12, 24, 25 On contrary, in our study, the average operative time was reported as 80 minutes. This difference mainly depends on the experience of the surgical team to the minimally invasive procedures.
One of the potential advantages of LS is the low complication rates due to less aggressive nature of the approach and the great visual details obtained. In the literature, large series analyzing the rates of LS for hematologic disorders repeatedly report a significant decrease in complication rates compared with the conventional open approach even in the longterm follow-up. 22, 26, 27 Nevertheless, majority of these studies are retrospective case series and randomized trials are lacking. Most authors report lower operative blood loss with LS. Postoperative splenectomy complications, such as pneumonia and atelectasis, were less frequent with LS than OS. 12 Postoperative patient recovery times were also shorter with LS. Finally, patients who had LS returned to regular activities more quickly and had better cosmetic results than patients who had OS. The benefits of LS are also valid for the long-term follow-up. Corcione et al., reported no complication of LS in a 5 year follow-up period with significantly lower rates of transfusion. 28 In another study by Lesher et al., with a mean follow-up of 5.6 years, LS was found a safe and effective procedure with significantly lower hospital re-admission rates after surgery. 14 The study of Patkowski et al. also analyzed the long-term results of LS with a maximum 8 years of follow-up. There was only one complication 16 months after surgery in their series and the authors concluded that LS should be accepted as the gold standard treatment method for spleen disorders. 3 The long-term results of the current study have comparable results with the literature. The current study has a mean follow-up period of 6.4 years with a maximum 16 years of follow-up. This is one of the longest follow-up periods in the literature. In our study, we had only two intra-operative and one early post-operative complication (recurrent abscess formation). Massive intra-operative hemorrhage and bronchopulmonary spasm are two common intraoperative complications that must be kept in mind during the LS. There was no longterm complication and a significant decrease of bilirubin levels and the need for blood transfusion was detected in the post-operative period.
There are some limitations of the current study. First of all, this is a retrospective case series with no randomized open surgical group to compare. Second, on final evaluation the effect of spleen size was not analyzed. There is also no comparison of single versus multiport surgical techniques including the ones that were combined with cholecystectomy. Finally, our study population is not large enough to have precise conclusions about the outcomes of LS with limited outcome measures. Hence, this study must be considered as a pilot study for the other large series with more comprehensive data analysis.
CONCLUSION:
LS is a powerful tool in the hands of an experienced surgeon. It is a safe and effective procedure in children with hematologic disorders resulting in shorter length of stay, and lower complication rates. Future prospective studies are needed in order to have a precise conclusion about the real indications and long-term outcomes of LS. n
